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Oil-imprecpated rock depos i t s ,  more commonly r e fe r r ed  t o  a s  tar sands, a r e  
found on every con t inen t  except Aus t ra l ia  and A n t a r c t i c a [ l l .  The l a r g e s t  known 
depos i t s  occur in nor thern  Alberta,  Canada, where two fu l l - sca l e  commercial 
p l a n t s  for producing syn the t i c  crude o i l  a r e  i n  operation and two more p l an t s  
have been approved f o r  cons t ruc t ion .  Of the  24 s t a t e s  that contain tar sands 
i n  t h e  United S ta t e s ,  fit- [ 2 1  es t imates  t h a t  about 90-95 percent  of these  
t a r  sands l i e  i n  Utah. Although the  Utah depos i t s  contain only about 25 b i l l i o n  
b a r r e l s  of in-place bitumen, compared t o  900 b i l l i o n  b a r r e l s  i n  Canada, a s  
discussed by Oblad e t  a l .  131, t he  Utah depos i t s  represent  an important poten- 
t i a l  domestic source of synthe t ic  petroleum. 

bitumen from t a r  sands. Although Utah t a r  sands can be  considerably d i f f e r e n t  
from Canadian tar sands with respec t  t o  phys ica l  and chemical p rope r t i e s  141, 
Sepulveda and M i l l e r  [51 have successfu l ly  processed tar  sands from high-grade 
Utah depos i t s  with a modified hot-water process t h a t  uses high-shear condi t ions  
t o  overcome the  higher v i s c o s i t y  of Utah tar-sand bitumens. More recent  work 
by Misra and Mi l le r  161 has been successful i n  processing medium-grade Utah 
depos i t s .  Other methods f o r  processing t a r  sands t h a t  have been s tudied  
ex tens ive ly  I11 inc lude  var ious  in - s i tu  techniques and mining followed by 
d i r e c t  coking, so lvent  ex t r ac t ion ,  or cold-water separation. Of the  o the r  
methods t h a t  use mined ma te r i a l  as the  feed s tock ,  d i r e c t  coking processes,  
genera l ly  r e fe r r ed  t o  as  thermal recovery methods, appear t o  exh ib i t  t he  most 
promise a s  a l t e r n a t i v e s  t o  hot-water processing because thermal recovery methods 
avoid handling of v i scous  bitumen, recovery of sediment from so lu t ions ,  and 
recovery and recyc le  of water and/or solvents.  In  the  work presented here, a 
new energy-ef f ic ien t  thermal process was developed and applied t o  t a r  sands 
from three  Utah depos i t s .  

THERMAL RECOVERY PROCESSES 

operating plants in Canada employ a hot-water process f o r  recovering 

The concept of recovering l i qu id  and/or gaseous hydrocarbons from s o l i d  
hydrocarbon-bearing ma te r i a l s  by thermal treatment has been known f o r  severa l  
cen tu r i e s  [71 .  Thermal treatment e s s e n t i a l l y  e n t a i l s  processing a t  high 
temperature. In  m o s t  t h e m 1  processes,  t he  feed  mater ia l  is  heated i n  an 
i n e r t  or non-oxidizing atmosphere. 
temperature l a rge ly  determine the  type of changes occurring t o  t h e  feed, which 
can include: 1) v o l a t i l i z a t i o n  of any low-molecular-weight components in t he  
feed ,  2 )  generation of vapors by cracking r eac t ions ,  and 3 )  conversion of p a r t  
of t h e  m t e r i a l  i n t o  coke, by reac t ions  such a s  polymerization. 
of feed m i t e r i a l s  such as t a r  sand, which contain a s ign i f i can t  amount of s i l i c a  
sand o r  o the r  inorganic inert matter that remains subs t an t i a l ly  unchanged 
through t h e  thermal t rea tment ,  coke i s  obtained a s  a depos i t  on the  inorganic 
mat te r .  

t h e  necessary sens ib l e ,  l a t e n t ,  and reac t ion  hea ts .  However, a s  discussed 
by Oblad e t  al .  131, coke, when produced as above and subsequently combusted, 
can generally provide much o r  a l l  of t h i s  energy requirement. Combustion, 
r e fe r r ed  to by some au tho r s  a s  decoking o r  burning, i s  therefore  an important 
a spec t  of thermal-recovery methods. 

d i r e c t  heated and i n d i r e c t  heated,  depending on whether py ro lys i s  and combus- 
t i o n  Steps a r e  c a r r i e d  o u t  in one or  two reac t ion  vesse ls .  
f u r t h e r  d i f f e r  from each o the r  with respec t  t o  fluidized-bed o r  moving-bed 

The mode of hea t ing  and the  opera t ing  

In t he  case  

Thermal processing can requi re  a subs t an t i a l  input  of energy t o  provide 

Moore e t  a l .  [E l  c l a s s i f y  thermal processes i n t o  two general  groups, 

The processes 
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state of so l id s  i n  each of t h e  two steps.  
c l a s s i f i c a t i o n  scheme that f i t s  most known thermal processes.  References 
a r e  included i n  that table. 
discussed i n  d e t a i l  by Bunger [41, t h e  syn the t i c  crude o i l  product obtained 
cannot,  i n  general ,  be  used a s  a s u b s t i t u t e  f o r  crude petroleum b u t  must be 
upgraded t o  reduce su l fu r  and ni t rogen contents ,  average molecular weight, 
and C/H r a t i o .  

processing temperatures, about 450-550°C f o r  pyrolysis ,  and the  r e s idua l  
coked sand is  fu r the r  heated t o  about 550-6OO0C during the  combustion step. 
A t  t hese  conditions,  an acceptable  thermal e f f i c i ency  can only be obtained 
i f  a s ign i f i can t  port ion of t h e  sensible  h e a t  in t h e  spent sand is recovered 
and introduced back into t h e  process.  Almost a l l  the processes i n  Table I 
provide f o r  heat  recovery from spent sand be fo re  it is  discarded. 

Gishler and Peterson [17, 24, 251 i n  Canada. The process scheme resembles 
t h a t  of c a t a l y t i c  cracking a s  used i n  the  petroleum industry.  Tar sand i s  
fed  t o  the  pyrolysis  or coker bed, where t h e  o i l  vapor produced is  c a r r i e d  by 
the  f l u i d i z i n g  gas t o  the  product co l l ec t ion  system. Coked sand i s  withdrawn 
from the coker and blown by preheated a i r  i n t o  t h e  burner where t h e  coke i s  
burned. A port ion of t h e  h o t  sand is recycled to  t h e  coker t o  supply hea t  
f o r  t h e  pyrolysis  s t ep ,  with t h e  r e m i n d e r  discarded through an overflow pipe 
i n  t h e  burner bed. Two se r ious  drawbacks of t h i s  process,  a s  noted by Camp 
Ill, a r e  the large recycle  of ho t  sand required and the  high energy content  of 
t he  n e t  spent sand. Rammler (231 has described the  appl icat ion of t h e  Lurgi- 
Ruhrgas process to t a r  sands. Like t h e  Gishler  and Peterson process,  it uses  
sand a s  the  heat  c a r r i e r .  

T a b l e  I shows a general  process  

Regardless of t h e  thermal process used, a s  

I n  a l l  thermal recovery processes,  tar sand i s  subjected t o  high 

Perhaps the b e s t  known fluidized-bed process  is t h e  one developed by 

DEVELOPMENT OF AN ENERGY-EFFICIENT THERMAL PFOCESS 

The pa r t i cu la t e  nature  o f  t h e  mineral matter i n  most t a r  sands permits 
f l u id i zed  processing with seve ra l  advantages: 1) d i s in t eg ra t ion  of lumps 
of t a r  sand t o  individual  p a r t i c l e s  upon t h e  pyrolysis  of the  bitumen; 
hence such feeds do no t  have t o  be reduced t o  a small  s i z e  p r io r  t o  en t ry  
in to  the pyrolysis r eac to r ;  2)  r e l a t i v e  ease of handling so l id s  because 
f lu id i zed  so l id s  flow through pipes  l i k e  l i q u i d ;  3 )  high hea t - t r ans fe r  
r a t e s  between f lu id i z ing  medium and s o l i d  p a r t i c l e s ;  4 )  nearly isothermal 
operat ion,  which permits c lose control  of t h e  temperature of py ro lys i s ,  a 
var iable  a f f ec t ing  product y i e l d s ,  qua l i t y ,  and energy requirements; 5) high 
r a t e s  f o r  mass t r a n s f e r  between p a r t i c l e  surface and f lu id i z ing  medium, which 
i s  important fo r  a high r a t e  o f  feed pe r  u n i t  area without forming agglomerates; 
6) accommodation of va r i a t ions  i n  bitumen content  of feed by regulat ing t h e  
flow of f lu id i z ing  gas;  and 7) ease of immersion of hea t  t r ans fe r  tubes or 
heat  exchangers i n  the f lu id i zed  beds with accompanying high heat- t ransfer  
coe f f i c i en t s .  The l a s t  f ac to r  is p a r t i c u l a r l y  important f o r  t h e  type of 
process developed i n  t h i s  study and c o n s t i t u t e s  the primary reason f o r  t h e  
choice here of f lu id i zed  pyrolysis .  A f lu id i zed  bed reconunends i t s e l f  f o r  
burning coke fo r  e s s e n t i a l l y  the  same reasons a s  f o r  pyrolysis  and w a s  used, 
therefore ,  f o r  the process developed here .  

heat  t r a n s f e r  f o r  preheat  and pyrolysis .  These include 1) preheating the  t a r -  
sand feed, separately from the pyrolysis  s t e p ,  general ly  to recover hea t  from 
outgoing ho t  'gaseous streams; 2 )  preheating the  incoming process gas  streams, 
general ly  to  recover hea t  from spent  sand or s o l i d s  res idue leaving t h e  
process;  3) t r ans fe r  o f  hea t  from the burner t o  the  pyrolysis  r eac to r  i n  t h e  
form of sensible  heat  of gases leaving the burner,  general ly  by d i r e c t  hea t  
exchange with the  contents  of t h e  py ro lys i s  zone; and 4 )  i n t e r n a l  combustion 
of coke i n  the  pyrolysis  r eac to r  i t s e l f  with a control led amount o f  oxidizing 
gas so t h a t  only a po r t ion  of t he  hydrocarbons i n  t h e  py ro lys i s  zone, 
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preferab ly  coke, is combusted; 5) t r ans fe r  of  hea t  from the  burner t o  the  
pyro lys i s  s t e p  by recyc le  of ho t ,  spent sand a s  a hea t  c a r r i e r .  

t a r  s a n d  becomes s o f t  and s t i cky ,  making it impossible t o  feed by c o m n  
feeding devices such as a screw conveyor. Feature 2 can be and generally i s  
incorporated i n t o  mst thermal processes.  However, a maximum of only about 
25 percent of the  energy i n  the  h o t ,  spent sand can be recovered by pre- 
heating the  oxidizing gas f o r  coke combustion. I n  Feature 3, the amunt  of 
energy tha t  can be c a r r i e d  by gases from the  combustion zone to  the  pyro lys i s  
m n e  i s  r e l a t i v e l y  s m a l l .  
between the  two zones b y  conduction, convection, and/or rad ia t ion .  Unless 
this can be accomplished on a l a rge  sca l e  with l i t t l e  o r  no combustion of  
bitumen, Feature 4 is  not  p r a c t i c a l .  Feature 5 is p r a c t i c a l ,  bu t  excessive 
recyc le  of ho t ,  spent  sand is  required,  thus g rea t ly  increasing the  required 
s i z e s  of pyro lys i s  and combustion reac tors  and necess i t a t ing  l a rge  devices 
to convey the  sand. 

Another poss ib l e  means of t r ans fe r r ing  hea t  from the  coke-combustion 
s tage  t o  t h e  pyro lys i s  s t age  i s  by the use of i n d i r e c t  hea t  exchange not 
involving sand o r  gas.  
was implemented by incorpora t ing  hea t  p ipes  t o  t r a n s f e r  the  bulk of the  
energy required f o r  s o l i d  prehea t  and pyro lys i s  from the coke-combustion stage.  
A hea t  pipe, f o r  the  purpose here,  may be defined simply as a completely 
enclosed tubular  device with very high e f f e c t i v e  thermal conductance, which 
t r ans fe r s  heat by two-phase c i r cu la t ion  of a working f l u i d  [281. 

I n  opera t ion ,  h e a t  i s  t r ans fe r r ed  t o  one end of the  hea t  p ipe ,  causing 
the working f l u i d  t o  vaporize.  The vapor flows to t h e  o the r ,  cooler  end due 
to  the  pressure grad ien t  set up in s ide  the  c e n t r a l  vapor core of the  hea t  
pipe.  There, t he  vapor condenses on t h e  tube w a l l  and in s ide  a wick, t rans-  
f e r r ing  hea t  to the  surroundings. The condensate then re turns  t o  the  warmer 
end, t h u s  completing the  c y c l i c  flow of the f l u i d .  Because a l a rge  amount of 
hea t  can be t r ans fe r r ed  by a heat p ipe ,  i t s  so-called e f f ec t ive  thermal 
conductivity can be extremely high. For appl ica t ion  t o  thermal processing of 
t a r  s a n d s ,  potassium w a s  s e l ec t ed  a s  the working f l u i d .  

The e s s e n t i a l  f ea tu re s  of the  reac tor  system f o r  t he  new thermal 
process developed i n  t he  work reported here a re  i l l u s t r a t e d  i n  the  s impl i f ied  
process scheme of Figure 1. Freshly mined and s ized  t a r  sand is  dropped i n t o  
the upper bed of a multi-staged fluidized-bed column. The upper bed is  a 
pyrolysis r eac to r ,  which i s  maintained a t  a temperature of generally between 
400 and 55U°C. Here, bitumen i n  the  feed i s  cracked and/or vo la t i l i zed ,  
leaving a coke depos i t  on the  sand p a r t i c l e s .  
carbon gases produced a r e  ca r r i ed  o f f  by the  i n e r t  f l u id i z ing  gas t o  f ines-  
separation and product-recovery sec t ions ,  while coked sand flows down by 
gravi ty  through a cont ro l  valve t o  the burner s ec t ion  of the  column where the  
w k e  i s  burned t o  generate heat.  
of generally between 550 and 65OoC. Preheated air  is used t o  f l u i d i z e  the 
s o l i d s  in the  combustion bed and t o  provide oxygen f o r  combustion. 
products of combustion, mostly nitrogen and carbon dioxide,  then flow upwards 
t o  f lu id i ze  so l id s  i n  the upper bed a s  noted above. 

placed ve r t i ca l ly  i n  t h e  fluidized-bed column such t h a t  they extend i n t o  the  
p V O l Y S i S  and combustion beds a s  depicted i n  Figure 1. 
f e r  excess hea t  generated i n  the burner t o  the pyro lys i s  r eac to r ,  thus 
maintaining the r eac to r  and burner a t  proper temperatures. 

t o  a heat-recovery sec t ion ,  where process a i r  recovers hea t  from the spent 
sand. 
produce steam. 
and Jayakar [26J. 

Feature 1 has n o t  been shown t o  be p r a c t i c a l  because, when preheated, 

Feature 4 requi res  a means f o r  d i r e c t  hea t  t r ans fe r  

I n  the process developed i n  t h i s  work, t h i s  means 

The o i l  vapors and l i g h t  hydro- 

The burner is maintained a t  a temperature 

Gaseous 

A number of hea t  p ipes ,  as required by the  hea t - t ransfer  load, a r e  

The heat p ipes  t rans-  

Hot. spent  sand leaving the  burner flows down through a cont ro l  valve 

Additional energy can be recovered from the  sand by hea t  exchange t o  
A more de t a i l ed  descr ip t ion  of t he  process i s  given by Seader 

150 



The new process r e t a i n s  most of the s impl i c i ty  of direct-heated processes.  
Sol ids  move only downwards by g rav i ty ,  t h e  equipment is e s s e n t i a l l y  a Single  
vessel ,  and the re  is no recycle  of so l id s .  Most importantly,  t h e  heat-  
t r ans fe r  features  used--heat pipes ,  heat  recovery from spent  sand t o  preheat  
process a i r ,  t r a n s f e r  o f  some hea t  by combustion gases,  and some r a d i a t i v e  
heat  t r ans fe r  from coke-combustion s tage to  the py ro lys i s  reactor--permit 
e f f i c i e n t  management of t he  energy t h a t  i s  within t a r  sand i t s e l f  t o  he lp  
achieve high energy eff ic iency.  The heat  pipes  e f f e c t i v e l y  l i n k  the py ro lys i s  
reactor  and the  coke-combustion s t age  thermally without necessar i ly  imposing 
any o the r  cons t r a in t s  on t h e  process such as flow pa t t e rns ,  r eac to r  configura- 
t i on ,  o r  dimensions of t he  column (except f o r  t he  volume of hea t  p ipes ,  
which is a small  f r a c t i o n  o f  bed volumes). 

The bas i c  process a s  ou t l ined  above i s  very f l e x i b l e ,  and modif icat ions 
and var ia t ions can be e a s i l y  incorporated i n t o  it t o  fu r the r  improve t h e  
ove ra l l  e f f i c i ency  and/or t o  make it more su i t ab le  f o r  s p e c i f i c  types of 
feeds.  Thus, external  f u e l ,  recycle gas,  or l i q u i d  f u e l s  can be e a s i l y  
introduced i n t o  the  burner i n  t h e  case of lean t a r  sands. 
a purge gas stream off  the top of t he  combustion bed, one can a d j u s t  t h e  f l o w  
r a t e  of f l u id i z ing  gas t o  t h e  pyrolysis  bed. I f  des i r ed ,  a f t e r  recovery,  gas 
produced i n  t he  pyrolysis  bed can be recycled back t o  t h a t  bed and used in s t ead  
of combustion gases t o  f l u i d i z e  it. This i s  very important f o r  lean t a r  sands 
which would otherwise have very l o w  product concentration i n  the combined e x i t  
gas stream, making product recovery d i f f i c u l t .  

LABORATORY TESTING OF NEW PflDCESS 

By providing for 

A laboratory apparatus was used t o  demonstrate t h e  new thermal process .  
I t  consis ted of a 10-foot-high by nominal 2-inch diameter,  two-staged, f luidized-  
bed column, a screw feeder f o r  feeding t a r  sand, a ho t  cyclone and f i l t e r  
system for separat ion o f  f i n e s  from t h e  products,  and a product-recovery sec t ion  
consis t ing of condensers, phase separators ,  cyclones,  and an e l e c t r o s t a t i c  
p rec ip i t a to r .  A s ing le  0.75-inch-diameter'by 7-foot-long hea t  p ipe  extended 
i n t o  the pyrolysis  and coke-combustion beds. The apparatus was completely 
insulated and instrumented with thermocouples, pressure t aps ,  flow meters,  and 
sampling taps .  E l e c t r i c a l  hea t e r s  and a propane burner were used to provide 
heat  during s t a r t u p  conditions.  The equipment was designed t o  handle a nominal 
feed r a t e  of 5 l b / h r  o f  t a r  sands containing up t o  14 weight percent  bitumen. 
Further d e t a i l s  of the apparatus a r e  given by Jayakar 1271. 

Several  problems i n  s o l i d s  handling were encountered i n  operat ing t h e  
Original ly  so l id s  were tran.sferred from the  py ro lys i s  laboratory apparatus.  

to flow up through the  dip l eg ,  t h i s  system was abandoned i n  favor  of a simple 
s o l i d s  downcorner with a spec ia l ly  designed s o l i d s  flow-control valve. Although 
t h i s  valve permitted proper operat ion of the bed, it w a s  a recurrent  source 
of operat ing d i f f i c u l t y  a s  i t  tended t o  s t i c k  a f t e r  a few runs and had t o  be 
dismantled and cleaned every t w o  t o  four runs.  Flow o f  s o l i d s  from t h e  
combustion bed was control led by a similar valve,  which presented no operat ing 
problems. 

than about 1/4-inch i n  s i z e .  
f i n e s  o r  coa l  dus t  p r i o r  t o  feeding. 

hour a f t e r  spending several  hours t o  reach e s s e n t i a l l y  s teady-state  condi t ions.  
f l u i d i z a t i o n  s tud ie s  

a t  elevated temperatures,  processing of tar  sands i n  t h e  py ro lys i s  s ec t ion  
without use of the hea t  pipe,  and operation of t he  complete heat-piped apparatus.  
Only typ ica l  r e s u l t s  of some o f  t h e  l a t t e r  tests are reported here .  

I 
i 
I bed t o  the combustion bed by means of a weir and d i p  l eg .  Because gas tended 

I 
I 

Tar-sand feed mater ia ls  were ground to  p a r t i c l e s  or pieces  no l a r g e r  
Materials tending to  be s t i c k y  were dusted with 

i 
The screw feeder did not plug a s  long a s  

l it was kept a t  a neai-ambient temperature. Run durat ions were typ ica l ly  one 

The experimental work was divided i n t o  th ree  p a r t s :  
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A total  of 75 runs was made under thermal processing condi t ions a t  
near-ambient pressure with t a r  sands from three d i f f e r e n t  deposi ts :  
Triangle,  Sunnyside, and Asphalt Ridge. Data from representat ive runs f o r  
feed ma te r i a l s  from each o f  the th ree  deposi ts  a r e  given i n  Table 11. A 
complete accounting of a l l  t he  bitumen i n  the feed mater ia l  w a s  gene ra l ly  not 
achieved mainly because of d i f f i c u l t i e s  i n  remving o i l  product from the  
product recovery equipment. Thus, Values reported f o r  o i l  y i e ld  a r e  believed 
t o  be low. Based on the  b e s t  runs,  i t  is  estimated t h a t  f o r  Sunnyside and 
Asphalt Ridge ma te r i a l s ,  a t y p i c a l  y i e l d  s t ruc tu re  f o r  near-optimal operat ing 
conditions would be: 70 w t %  o i l ,  10 w t %  gas ,  and 20 w t %  coke. 

CONCLUSIONS 

Tar Sand 

1. The b a s i c  concept of a thermal process using pyrolysis  and combustion 
s tages  coupled by h e a t  pipes  i s  workable and el iminates  the  need t o  recycle  
large amounts of sand. 

2 .  Tar sands containing a s  low a s  8 percent  bitumen can be thermally 
processed without e x t e r n a l  energy input  to  g e t  s a t i s f a c t o r y  y i e l d s  of o i l .  
T a r  sand with even lower bitumen content can be processed with good o i l  
y i e ld  i f  a po r t ion  of the  gas or o i l  products or some cheaper ex te rna l  f u e l ,  
such as coa l ,  can be added t o  t h e  combustion s tage to  provide energy. 

and o i l ,  al lowing for  purge of some combustion gas ,  e t c . ,  can improve the  
energy e f f i c i ency  o f  t h e  process and the  y i e lds  of o i l  and gas. 

The process  developed during the course of t h i s  work i s  simple, 
d i r e c t ,  and e f f i c i e n t .  I t  i s  capable of wide appl icat ion t o  processing of 
tar sands i n  Utah, Canada, and perhaps o the r  deposi ts .  Moreover, t he  concept 
of using hea t  p ipes  i s  of even broader app l i cab i l i t y  i n  the  process indus t r i e s  
i n  general  and i n  energy-related i n d u s t r i e s  i n  p a r t i c u l a r .  
basic  processing concepts i nves t iga t ed  here  may have p o t e n t i a l  for appl icat ion 
i n  the processing o f  o i l  sha le  and coal .  

3. Modifications of t h e  process ,  such a s  introducing recycle  o f  gas  

4. 

For example, the 
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Paper p re sen ted  a t  t h e  AIChE 

TABLE I .  CLASSIFICATION OF AND REFERENCES FOR THERMAL RECOVERY PROCESSES 

Di rec t  Heated I n d i r e c t  Heated 

Moving-bed py ro lys i s  Cheney e t  a l .  E91 Bennett  [121 
and combustion Dannanberg and Berg [131 

Matzick [ l o ]  F i t c h  [141 
Saunders 1111 

Fluidized-bed p y r o l y s i s  G i f fo rd  [151 Gish le  r and 
and combustion Peck e t  a l .  [161 Pe terson  [171 

Nathan e t  a l .  [181 
Roethe l i  [191 
Murphree [201 
Alleman [211 

Fluidized-bed p y r o l y s i s  Donnelly e t  a l .  [221  N o  examples known 
and moving-bed combustion 

Moving-bed p y r o l y s i s  and No examples known Rammler  [231 
f lu id ized-bed  combuetion 
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TABLE 11. LABORATORY RESULTS FOR PROCESSING OF UT? TAR SANDS 

Deposit 

Tar Sand Triangle Asphalt Ridge Sunnyside 

Run No. 58 67 74 
Bitumen Content of Feed, w t %  4.70 11.67 10.56 
Tar-Sand Feed Rate, lb /hr  3.85 3.90 4.41 
Pyrolysis  Bed Temperature, 'C 475 482 449 
Combustion Bed Temperature, 'C 603 649 604 
O i l  Yield,  w t %  49.5 52.7 45.4 
Gas Yield, w t %  20.6 15.7 6.2 
Coke Yie ld ,  wt% 22.0 7.8 17.2 
Total Yield,  w t %  92.1 76.2 68.8 

Viscos i ty  of Oil, c p s .  25OC 142 102 291 
API Gravity of O i l ,  20°C 13.1 15.2 18.2 

Figure 1 .  University of Utah Process 
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